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In t roduct ion:  A s  impact excavation diameters subtend a n o n t r i v i a l  
f r a c t i o n  of a p lanetary  body, both the  excavation process and e j e c t a  
emplacement may depar t  from the  c l a s s i c a l  desc r ip t ion  of impacts i n t o  a 
planar surface.  liemispherical p a r t i c u l a t e  t a r g e t s  were impacted a t  the  
NASA-Ames Ver t i ca l  Gun Range i n  order  t o  t r a c e  the  evolut ion of the  e j e c t a  
c u r t a i n  and t o  document the  e f f e c t s  of slope and surface curvature on 
c r a t e r  shape and c r a t e r i n g  e f f i c i ency .  
Experiments: The c r a t e r i n g  process i n  low-strength granular  sand 
t a r g e t s  have been extens ively  s tudied  over t h e  l a s t  two decades. 
Unfortunately such t a r g e t s  have such l i t t l e  s t rength  t h a t  hemispherical 
surfaces  a r e  d i f f i c u l t  t o  cons t ruct  without a bonding agent t h a t  r e s u l t s  in  
s p a l l a t i o n  and an e j e c t a  c u r t a i n  with only a few large  fragments. 
Compacted pumice has  been used successful ly  fo r  a v a r i e t y  of s tud ies  (1,2) 
and possesses s u f f i c i e n t  shear s t rength  t o  maintain s teep  slopes while 
behaving a s  a reasonably low-strength p a r t i c u l a t e  mater ia l  upon impact. 
Bemispherical t a r g e t s  were constructed by compressing pumice with a mold on 
a pumice base. The pumice base minimized unwanted e f f e c t s  produced by 
shock r e f l e c t  ions from mate r i a l s  with con t ras t ing  s t rength .  Both 0,318 cm 
and 0.635 cm v e l o c i t i e s  aluminum' spheres impacted the  hemispheres with 
1.9-2.3 km/s. In  addi t ion ,  a ledge was created i n  two experiments i n  order 
t o  examine the  e f f e c t s  of slope on t h e  e j e c t a  plume. 
Resul ts :  Four s i g n i f i c a n t  f indings  can be c i t e d .  F i r s t ,  the  e j e c t a  
plume maintains an angle of about 45' from the  l o c a l  surface  during most of 
c r a t e r  excavation. Consequently, t h e  e j e c t a  plume appears t o  decrease with 
respect '  t o  the  hor izonta l  on a curved surface  or changes dramatical ly a s  it 
crosses  a stepped surface.  Second, the  e j e c t a  c u r t a i n  a f t e r  excavation 
maintains an approximate constant  angle with respect  t o  the  hor izonta l .  A s  
a r e s u l t ,  t he  e j e c t a  c u r t a i n  meets the  surface  a t  increas ingly  s teeper  
angles away from the  point  of impact (Figure 1 ) .  Third, c r a t e r i n g  
e f f i c i ency  (displaced mass /p ro jec t i c l e  mass) i n  a hemispherical t a r g e t  i s  
g rea te r  than a plane-surface c r a t e r  but approximately matches the  plane 
surface case i f  the  displaced mass above t h e  chord from rim-to-rim 
(apparent rim) i s  ignored. Fourth, t h e  diameterjdepth r a t i o  referenced t o  
the  pre-impact curved surface  i s  g r e a t e r  than the  r a t i o  fo r  planar surface  
impact. 
Discussion: The uniformly downward-directed gravi ty  vector  i n  the  
experiment i s  unl ike  the  r a d i a l l y  inward vector  for  a p lanetary  body. 
Previous experiments a t  high (3)  and low (4) g r a v i t a t i o n a l  f i e l d s  suggest 
t h a t  the  g rav i ty  vector  does not modify the  c r a t e r i n g  flow f i e l d  but only 
l i m i t s  c r a t e r  growth. Consequently, the  experiments may have a d i r e c t  
bearing on excavation and shape and e f f i c i ency  of c r a t e r s  whose diameters 
subtend a s i g n i f i c a n t  f r a c t i o n  of p lanetary  curvature.  Noreover, i t  i s  
believed t h a t  during excavation, t h e  e j ec t ion  angle (and the re fo re  plume 
angle)  near  the  su r face  i s  approximately constant .  The experiments 
ind ica te  t h a t  the  e j e c t a  c u r t a i n  a f t e r  excavation meets the  curved surface 
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a t  increasing angles,  and t h e  e f f e c t  sf a r a d i a l l y  inward gravi ty  vector  
can be examined by t h e o r e t i c a l l y  modeling t h e  e j e c t a  c u r t a i n  under 
labora tory  and p lanetary  condit ions.  %he c r a t e r i n g  f lowfie ld  ollows the  
approach i n  ( 5 )  where e j e c t i o n  v e l o c i t y  decreases a (X/R)-' with X/R 
represent ing  t h e  f r a c t i o n a l  s tage  of growth of a  c r a t e r  with f i n  1 apparent 8 
r ad ius ,  R. Addit ionally,  t h e  c r a t e r  i s  assumed t o  grow a s  (X/R) over most 
of i t s  l a t e  s tages.  Although such a model does not  provide an accura te  
desc r ip t ion  throughout t h e  e n t i r e  growth of a  c r a t e r ,  it s u f f i c e s  fo r  
comparing t h e  con t ras t ing  labora tory  and planetary g r a v i t a t i o n a l  f i e l d s .  
Figure 2 r e v e a l s  t h a t  the  e f f e c t  of t h e  inward-direct g- f ie ld  increases  the  
angle between the  surface  and e j e c t a  cur ta in .  For the  Moon, t h e  e j e c t a  
c u r t a i n  becomes v e r t i c a l  a t  a  d is tance  of near ly  1200 km for  a  r e l a t i v e l y  
small c r a t e r  (Be 200km). A basin-size impact (D- 600km) requ i res  s h i f t i n g  
the  curve l a t e r a l l y ,  thereby preserving the  constant e j ec t ion  angle, with 
respect  t o  the  surface ,  and r e s u l t s  i n  a  v e r t i c a l  e j e c t a  c u r t a i n  a t  a  
d is tance  of about 1400 km. 
Implicat ions:  The experiments suggest t h a t  basin-size impacts or l a rge  
c r a t e r s  on small bodies may be shallower than t h e i r  counterpar ts  on a 
planar surface  but may have displaced a l a rge r  r e l a t i v e  mais. Moreover, 
t h e  increased e j e c t a  c u r t a i n  angle with d i s t ance  may r e s u l t  i n  a  change i n  
e j e c t a  emplacement s t y l e  with d is tance .  Although the  e j e c t a  cu r t a in  i s  
v e r t i c a l ,  e j e c t a  wi th in  the  c u r t a i n  impact the  surface  a t  45' and the  time 
between f i r s t  and l a s t  a r r i v a l  wi th in  the  c u r t a i n  increases.  This 
increased i n t e r a c t i o n  time a s  the  e j e c t a  c u r t a i n  dens i ty  decreases should 
r e s u l t  i n  a  more chaot ic  s t y l e  of emplacement, perhaps accounting fo r  the  
t r a n s i t i o n  i n  e j e c t a  f a c i e s  surrounding t h e  Imbrium bas in  noted i n  (6) .  
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Figure 1. Evolution of ejecta curtain at 
2.5, 62, 125, and 188 ms for a 2.3 km/s 
'impact into a hemispherical target of com- 
pacted pumice with a diameter of 37 cm. 
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